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[57] ABSTRACT

In the disclosed element, a number of line shaped sen-
sors each includes a plurality of P-N junctions each of
which accumulates a charge corresponding to the
amount of light incident thereon. A number of registers,
one for each sensor, each defines addresses coupled to
respective P-N junctions of the corresponding sensor to
have the charge accumulated on each P-N junction
transferred to the respective address in each register so
that time sequential signals can be obtained from each
register. A collection register has an address coupled to
each of the other registers to store the time sequential
output signals so that the stored signals can be read out
sequentially. A gate arrangement connecting the output
of the first registers to each address controls the time
interval during which the time sequential signals of the

first registers are transferred to the accumulating regis-
ter.

13 Claims, 6 Drawing Figures
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LIGHT SENSITIVE SEMI-CONDUCTOR
ELEMENT AND ARRANGEMENT -

BACKGROUND OF THE INVENTION .

This invention relates to solid state lmage sensmg
semi-conductor elements, particularly those ‘which
store and transfer signals cerres;mndmg to unage sig-
nals.

Conventional image sensors such as CCD sensors
used in television cameras have the dlsadvantage that
their charge integration periods are limited by the time
necessary to scan one field of a picture frame This
prevents following up changes in the object brightness.
Solid state semi-conductor image sensors present prob-
lems of dynamic range for which no fundamental solu-
tion has yet been found.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an
image sensor responsive to a wide range of incident
light signals.

Another object of the invention is to provide an
image sensor capable of changing the level of the output
signal within a prescribed integration permd

Still another object of the invention is to prowde an
image sensor capable of improving the contrast of the
signal output within a prescribed range of integration
periods.

According to an embodiment of the present inven-
tion, a plurality of line sensors are provided with the
same number of first register means capable of self-scan-
ning each of the line sensors. Since the time-sequential

signal outputs of this first register means are fed to and
~ accumulated in the corresponding addresses of second
register means, the amount of signals stored in each
address 1s substantially increased.

It should be pointed out that the above-descrlbed
plurality of line sensors when arranged in parallel to
permit the output of each sensor after having once been
stored in the second register means to be read out in
sequence can be used as a whole in the form of a single
line sensor.

- It should be further pointed out that the use of the line
sensors in such form gives many advantages, one of

which is that since the output level of the line sensor can -

be substantially increased while the integration pericnd
remains unchanged, even when the object brightness is
very low, the sensor is made sensible to a bnghtness
change.
- Another advantage is that the devwe accordmg to
the invention, can sense dim objects with little contrast.
Another advantage is that, conversely, the output
produced by very bright objects can be reduced to
proper levels. -
Thus, the image sensor of the invention, because it is
able to provide a optimum output regardless of a wide

range of variations of object brightness, achieves a great
increase in dynamic range.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is an electrical circuit dlagram of a line sensor
arrangement in the conventional solld state image pick-
up element.

FI1G. 2 is a pulse tlmlng chart showing the. waveforms

of signals in the various portions of the circuit of FIG.
1.
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- FIG. 31s an electrical circuit diagram of one embodi-
ment of a self-scanning type image sensor using solid
state semi-conductor elements according to the present

nvention.

FIG. 4 15 a pulse timing chart showing a manner in
which the circuit of FIG. 3 operates.

FIG. § is a block diagram showing an example of
arrangement of the image sensor of the present inven-
tion for varying the video output in accordance with

the object brightness.

- FIG. 6 1s a block diagram showing another example
of arrangement of the image sensor of the invention for

varying- the vrdeo output in accordance with the object
contrast -

DESCRIPTION DF THE PREFERRED
| EMBODIMENTS

The present invention is to optimize the video signal
produced from the solid state semi-conductor element,
depending upon its purpose. To achieve this, an external |
control signal, for example, one representative of the
object brightness or contrast is used in makmg up a
pulse signal of prescr:bed waveform, and it is by this
pulse signal that the size of a contribution domain of the
solid state semi-conductor element to each picture ele-
ment i1s caused to change arbitrarily.

The present mnvention will next be described in con-
nection with a solid state semi-conductor element con-
structed to be a line sensor having a photo-diodized
photoelectric conversion and accumulation portion and
an N-channel CCD-ized charge transfer portion which
is the most common as the self-scanning type image
sensor, but it is to be understood that the present inven-
tion is not confined to the line sensor and is applicable
when to construct as an area sensor. | |

In the following, the present invention will be de-
scribed in greater detail by reference to the drawings.
FIG. 1 shows the construction of a generally accepted
image sensor in the form of a solid state semi-conductor
element. In the figure, PD1 to PDN are a photoelectric
conversion and accumulation portion comprising PN
junctions forming photodiedes electrically independent
of one another. It is noted that since the number of
diodes in this instance is N, it is possible to form N
picture elements. The anodes of the individual diodes
PD1 to PDN are connected to a common negative
termnal of a battery. G1 to GN each are an N-channel
MOS transistor pairs, forming gates. The sources of
each transistor pairs G1 to GN are both connected to .
the respective photo-diode PD1-PDN at the cathode
thereof. The drain of one of the transistors in each pair
G1 to GN s connected to the input of the correspond-

ing address of a two-phase CCD-first analogue shift

register RE. The gate of each of the first transistors is
connected to an input terminal SH. The drain of the
other transistor in each transistor pair is connected to a
positive terminal VDD of the battery. The gate of each
second transistor is connected to an input terminal ICG.

The signals applied from the photo-diodes to the
respective addresses in the anzlogue shift register RE
are shifted in sequence by clock pulses ¢1 and $2, ap-
pearing at an output terminal Rout as a time-sequential
signal. The output terminal Rout is connected through
a charge-voltage conversion condenser or capacitor C1
to the positive terminal VDD of the battery and also to
the gate of an FET Trl. Connected to the both termi-
nals of the condenser C1 are the source and drain of an
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FET Tr2, and the gate of the FET Tr2 is connected to

‘a terminal RS.
The drain of the FET Trl 1S connected to the posrtrve

terminal of the battery, and its source is connected

through a resistor to the negatwe terminal of the bat--:

tery. - | |
The source i1s also connected to a ternunal Vout

The 1nput SH is a charge transfer signal input termi-
nal; ICG is an instantaneous clear signal input terminal;

RS is a reset signal input terminal; $1, ¢2 are shift signal
inputs of the shift register; and Vout 1s a video srgnal
output terminal.

FIG. 21s a tumng chart showrng the waveforms of
the signals occurring in the various portions of the cir-
cuit of FIG. 1. When the instantaneous clear signal is
applied to the terminal ICG of FIG: 1, the charges
photoelectrically generated and accumulated in the

individual photo-diodes PD1 to PDN flow to the posi-
~ tive terminal VDD, thus berng cleared up. Then, when
a charge transfer signal is applled to the terminal SH,
the charges in the photo-diodes are transferred to the
two-phase CCD analogue shift register RE. As shown
in FIG. 2, the time interval from the falling edge of the
pulse ICG to the falling edge of the pulse SH deﬁnes the
charge integration period of the photoelectrlc conver-
sion and accumulation portion. The signal charges
transferred by the shift pulses ¢1, ¢2 to the shift register
RE charge the charge-voltage conversion condenser
C1, and this Voltage signal appears at the terminal Vout
as a video signal. It is noted that the condenser C1 is fed
with a reset pulse for each picture element output as
shown in FIG. 2, so that a video signal as shown on line
Vout in FIG. 2 is produced at the output terminal. In
the self-scanning type image sensor using the solid state
image pick-up element of FIG. 1, the magnitude of the
signal obtained from the photo-diodes PD1 to PDN
cannot be changed because it'is determined by the shape
and characteristics of the element when designed.

" FIG. 3 is an electrical circuit diagram of one embodi-
ment of a self-scanning type image sensor using a solid
state semi-conductor element according to the present
invention. The parts in FIG. 3 corresponding to those in
FIG. 1 are denoted by the same reference characters.
Though the solid state semi-conductor element illus-
trated in FIG. 3 would appear to resemble an interline
type area sensor of NxM picture elements (in this in-
stance, M=5) in construction, the present invention'is
characterized in that this 1s used as a line sensor and that
the size of that portion of the domain which contributes
to each picture element output 1s made varlable by an
external control signal GSG. - -
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The present invention contemplates in stead of the |

former photoelectric conversion and accumulation por-
tion, the. use of a plurality of line sensor rows PD11 to
PD1N in combination with CCD analogue shift. regis-
ters RE1 to REN-1 as the first register means paired up
therewith. Each of the line sensor rows PD11 to PD1IN
is formed with M PN-junctions and the charge accumu-
lated on each junction is transferred to and stored in the
corresponding one of the registers RE1 to REN in
response to the input at the charge transfer signal input
terminal SH. The charge signals stored in the registers
RE1 to REN are applied to the sources of similar MOS
transistor pairs G1 to GN to those of FIG 1in response
to the shift clock pulses ¥1, ¥2. |

- The combinations of the line-sensor rows PDI11 to
PD1IN with the registers RE1 to REN can each be
formed to a self-scanning type photoelectric conversion

3
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element, and a similar drive method to that described in
connection with FIG. 1 may be used in producing time-
sequential signals from the individual registers RE1 to
REN.

The MOS transistor pairs G1 to GN in the present
invention form gate circuits, the gate of one of the tran-

.'s1stors in‘each pair G1 to GN being connected to the
Icontrlbutlon area control signal input GSG, and its

drain ‘terminal being connected to the corresponding

address in second register means in the form of a CCD

or other suttable analogue shift reglster RE.
The gate of the other transrstor in each pair G1to GN

is arranged to be fed with a s1gnal from the control

signal 1nput terminal GSG through an inverter IN, and
its drain is connected to the positive terminal VDD of
the battery.

‘The output Rout of the second reglster RE is con-
nected similar to that in FIG. 1.

FIG. 4 is a timing chart showing the waveforms in
the various portion of the circuit of FIG. 3.

When ‘'a momentary clear signal enters at the ICG

‘terminal, the charges stored in the first registers RE1 to

REN are cleared up. Then, until the advent of a transfer

signal SH, the line sensor rows PD11 to PDIN each

accumulate a charge of a magnitude proportional to the
incident light intensity. Responsive to this transfer sig-
nal SH, the individual charges are transferred to the
respective addresses in the first registers RE1 to REN.

“Then, these transferred charges are caused by the shift

pulses ¥1 and W2 to successively produce in time-
sequential relation. It is noted that during this time, the
shift pulses cbl and ¢2 stop the second reglster RE by M
bltS |

Therefore, when the signal entering the control input
terminal GSG assumes a high level, one of the transis-
tors in each of the gate circuits G1 to GN is ON, caus-
ing the tnne-sequentlal signals from the first registers
RE1 to REN to be transferred to and addltwely stored
in the respective addresses of the second register.

On the other hand;, when the control input GSG
assumes a low level, only’ the other transistors of the

‘sate circuits G1 to GN are turned on, causing the time-

sequential signals from the first registers RE1 to REN
to flow to the positive terminal of the battery.

It i$ to be understood from the foregoing that since
the transfer of the time-sequential signals from the first
registers RE1 to REN continues only for a time interval
dunng which the signal at the control input terminal
GSG is high; it is possible to control which charge 1n
each of the first registers RE1 to REN is transferred
and of how long the transfer continues.

" The lines labelled GSG-Ex.1, -Ex.2 and -Ex.3 repre-
sent three different examples of determlnatlon of such
selection ‘and duration. -
~ In Example 1,-the 5-bit time-sequential signal is all
additively stored in the respective address in the second
reglster RE, so that the amount of charge stored reaches
a maximum, and when taken out as the time-sequential
signal output from the second reglster, a large output
signal level is also attained. -

In Example 2, only.the 3rd bit of the time-sequential
signal is extracted and transferred to the second register
RE, so that only the central portion of the area of an
image formed with ‘light coming from the ob_]ect 1S
sensed.

In Example 3, only the odd-numbered brts of the
signal iare extracted and transferred. This is advanta-
geously used when a particular optical system is posi-
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tioned in front of the lme senscr, or when the ijE(':t
image is special. T RETRT R BT g

According to an embcdiment cf the i mventmn, a num-
ber of such different patterns for-the-signal GSG are
readied and the selection of either one-of the patterns is
controlled so as to obtain an optimum’output-signal. -

Next, FIG. § is a block diagram showing an example
of a circuit for changing the contribution‘rate of the
picture element group of the solid state semi-conductor
-element to the output by changingover.the contributing
area control signal GSG in accordante with the object
brightness. Here a sensor of 1 corresponds in construc-
tion to that shown in FIG. 3. A peak detection circuit 2
of known construction detects’ 2 maximum-peak value
of the output of the sensor 1.'A -3:value evaluating’cir-
cuit 3 serves for comparing the peak value detected by
the peak detecting circuit -2 with, for example, a stan-
dard value to form a control signal dependent upon the
brightness. A setting circuit 4 serves for the external
control signal GSG to set the waveform of the GSG
signal depending upon the output of the peak value
evaluating circuit 3. When its output is applied to the
sensor 1, the contributing area of the picture element
output is changed in magnitude. Thus, the video output
Vout from the sensor 1 is adjusted in accordance with
the object brightness. It is noted that the setting circuit
4 may be simply such that the width of control signal
GSG is increased depending upon the difference be-
tween the output of the peak detecting exrcult 2 and the
standard value.

FIG. 6 is a block diagram of changing the magnitude
of the contributing area of the picture element output of
the solid state image pick-up element by the use of a
control signal corresponding to the contrast of the ob-
ject. The figure includes a sensor; 11 a circuit 12 for
detecting the absolute value of difference between the
picture element outputs as a quantity corresponding to
the object contrast; and a circuit 13 for detecting a peak
value of the difference in the output of the circuit 12.

- The output peak value of the circuit 13 is applied to a -

circuit 14 where in a similar manner to that shown in
FIG. 5, a differential peak value is evaluated. The out-
put of the circuit 14 is used in setting the waveform of
the external control signal GSG by a circuit 185. Its
output GSG signal controls the sensor 11, so the magni-
tude of the contributing area of the picture element
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output of the sensor 11 is varied in accordance with the

object contrast.

As mentioned above, in the solid state image pick-up
element of the present invention, the picture elements
forming each row of the sensor are constructed with a
plurality of divided picture elements, and these finely
divided picture elements are arbitrarily selected to pro-
duce by the external control signal. This makes it possi-
ble to properly change each picture element output of
the solid state image pick-up element. Therefore, when
the external control signal is formed by the object
brightness, contrast or other information, an optimum
video output for the condition of the object can be
obtained. This results in many advantages. For example,
the sensitivity of the sensor can be increased without

causing the lateral resolving power of the solid state

image pick-up element to deteriorate.
What is claimed is:

1. A solid state semi-conductor element including:
a plurality of line sensors,

said line sensors each being arranged along a line
and each sensor including a plurality of P-N

50
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- junctions-each ‘ofswhich accumulates a charge
- .corresponding to the amcunt of hght mcident
thereon; BT
- a plurality of first register means, - e
. said first register means corresponding one tc one
1 ++t0-sald- plurality .of line sensors, each regxster
means-having a plurality of addresses, _each ad-
dress corresponding. one to one with each P-N
Junctlcn portion of the. ccrrespondmg line.sen-
- sor, the charge accumulated on each P-N junc-
. tmn portion being ccupled for transfer to the
- respective address in each register means, and
~ the charge sngnal transferred to the respeetwe
address of each reglster means bemg prcduced as
“a time-sequentiat signal frem each register means
o by clock pulses |
"a secorid register means,

said means having a plurality of addresses, each
address being the same as the number of said first
register means, each of the addresses of the sec-
ond register means corresponding one to one to
said first register means, the time-sequential out-
put signals of the first register means being addi-
tively storable in the corresponding address of
the second register means, and the signal stored
in the second register means being able to be read
out as a time-sequential signal; and

gate means between each output of said first regis-
ter means and each address input of the second
register means for selectively transferring the
signal from said first register means to said sec-
ond register means.

2. A solid state semi-conductor element according to
claim 1, wherein said plurality of line sensors are ar-
ranged in parallel in the same direction.

3. A solid state semi-conductor element according to
claim 2, wherein the order of arrangement of said plu-
rality of line sensors is the same as the order of arrange-
ment of the corresponding addresses of the second reg-
1ster means.

4. A solid state seml-conductcr element acccrdmg to
claim 1, wherein said gate means is controlled in accor-
dance with the maximum value of the time-sequential
signal output of said second register means.

3. A solid state semi-conductor element according to
claim 1, wherein said gate means is controlled in accor-
dance with the maximum value of the difference signal
of the time-sequential signal output of said second regis-
ter means.

6. A solid state semi-conductor device including:

(a) a light receiving element having a plurality of

- photo-electric conversion portions distributed
along two dimensions for converting individual
picture element information of an image into an
electrical signal;

(b) register means having a plurality of storage loca-
tions, said storage locations each arranged to re-
cetve outputs of a plurality of photo-electric con-
version portions located at different positions
within said light receiving means, the outputs of
the plurality of photo-electric conversion portions
applied into each storage location being added
together and accumulated; and

(c) selection means for selectively applying only pre-
scribed ones of the outputs of the corresponding

photo-electric conversion portions into each stor-
age portion.
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7. A solid state semi-conductor device according to
claim 6, wherein the plurality of photo-electric conver-
sion portions form a matrix. | -

8. A solid state semi-conductor device accordmg to
claim 6, wherein said selection means is arranged to
apply an equal number of outputs of the photo-electric
conversion portions into each storage location.

9. A solid state semi-conductor device according to
claim 6, wherein a plurality of shift means are each
arranged to guide the outputs of each plurality of
photo-electnc conversion portions time sequentially
into each storage location, the number of shift means
being the same as that of the storage locations.

10. A solid state semi-conductor device according to
claim 9, wherein each shift means can memorize the
plurality of outputs of the photo-electric conversion
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portions distributed within the light receiving means at

corresponding addresses within the shift means.

11. A solid state semi-conductor device according to
claim 10, wherein each shift means 1s arranged to mem-
orize the information of the plurality of photo-electric
conversion portions and to produce an output there-
from.in a time-sequential manner.

12. A solid state semi-conductor device according to
clalm 11, wherein said selection means are arranged to

synchromze the output signals of each of said shift

means to each other.

“13. A solid state-semi-conductor element according
to claim 12, wherein the selection means 1s arranged to

block the input of the time-sequential signals from the

shift means to the register means for a prescribed period

of time. - - L
x * * & %
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